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Abstract 

A general  investigation  of  the  synthesis  and  character- 
ization of  poiy(metal  phosphinates)  , v'hich  covered  a wide 
range  of  materials  including  numerous  metal  centers  and 
bridging  phosphinate  groups,  resulted  in  a much  more  com- 
prehensive understanding  of  them,  permi  tting  tlieir  develop- 
ment for  a variety  of  applications.  Technical  reports, 
publications,  issued  and  allowed  patents,  irnd  oral  presenta- 
tions are  tabulated.  Daughter  contracts  stemming  from  this 
fundamonta].  prograjn  arc  also  cited. 
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iTiG  Synthesis  and  Cliaracterization  of  the 
Poly (Metal  Phosphinatos) 


A.  General  Comments 


Tlie  purpose  of  the  present  investigation  was  to  con- 
tinCie  the  investigation  of  the  poly(metal  phosphinates)  , a 
unique  family  of  inorganic  polymers  first  recognized  during 
ovir  work  on  ONR  Contract  Nonr  2637(00),  the  forerunner  of 
ONR  Contract  N00014-69-C-01 22 . It  has  two  broad  goals, 

(1)  the  development  of  a more  complete  ujidors tending  of  the 
chemistry  and  physical  properties  of  the  poly (metal  phos- 
phinates) and  (2)  the  synthesis  and  characterization  of  new 
poly (metal  phosphinates)  designed  for  a variety  of  applica- 
tions . 


The  structures  and  properties  of  the  new  metal  phos- 
phinates differ  to  a greater  or  lesser  extent  depending  on 
the  central  metal,  the  side  groups  of  the  phosphinatc,  and 
other  ligands  that  may  be  present.  In  addition  to  further 
studies  v/ith  chromium  ( III ) , zinc(ll),  cobalt(Il),  copper(II), 
titanitmi  ( IV)  , ziarconium  ( IV)  , and  iron(II)  and  (III),  work 
was  undertaken  with  manganese  ( II ) , nic);el(II),  molybdenum  ( II ) , 
ruthenium  (II)  , I'hod  ium  ( 1 1 ) , hafnium(IV),  tantalum(V),  tung- 
sten(II)  and  (Vl),  lead(II),  curopi\im(II)  , thori\im  ( IV)  , and 
uranium (VI).  variety  of  phosphinate  groups  was  also 
studied,  primarily  as  tlie  zinc  derivatives. 

In  a number  of  cases  the  phosphinate  group  docs  not 
function  merely  as  a symmetrical  bridge  via  0,0'  bonding, 
and  in  particular  there  is  evidence  for  bridges  involving 
unsymmetrical  bonding  in  some  poly(metal  phosphinates) . 
Structural  rearrangements  have  been  observed  for  some  poly- 
(metal  phosphinates)  upon  dissolution  and/or  upon  melting. 
Molecular  weights  of  soluble  poly  (metal  pliosphinatcs)  vary 


over  a wide  range,  corresponding  to  degrees  of  poly/neri za- 
tion  fron  two  to  several  thousand.  In  some  cases  the 
molecular  weights  are  quite  sensitive  to  the  type  and 
purity  of  the  solvent,  indicating  that  dissociation  can 
occur  in  solution. 

The  magnetic  properties  of  selected  poly (metal  phos- 
phinaites)  wore  investigated  in  a joint  effort  with  pliysicists 
at  tiie  University  of  Pennsylvania.  The  phosphinate  groups 
were  found  to  provide  a path  for  antiferrcmagnctic  super- 
charge J/k'--0-5K.  An  interesting  result  of  this  investigation 
is  the  observiition  that  disorder  in  the  polymer  plays  an 
important  role  in  determining  the  magnetic  properties, 
limiting  the  range  of  spin  correlation. 

New  po]y(metal  phosphinates)  have  been  supp] ied  for 
investigation  in  application  v7ork  sponsored  by  other  agencies. 
A number  of  very  promising  high  teraperaturo  coatings  based 
on  zinc  and  zix'conium  phosphinates  have  been  developed  for 
tlie  Air  Force.  'Iliese  coatings  have  properties  superior  to 
those  of  current  st^indards.  Evaluation  of  some  phosphinates 
as  plasma  sprayed  coatings  is  currently  under\-;ay  for  the 
Naval  Air  Development  Center. 

Heccntly  it  has  been  shovrn  v;ith  Air  Force  support  that 
somiC  zirconium  phosphinates  are  excellent  thickeners  for  a 
number  of  liigh  temperature  fluids  and  convert  them  to  prom- 
ising greases.  Both  pyrolyzed  and  unpyrolyzed  metal-] oaded 
ieuninates  with  good  properties  have  been  prepared  v.’ith  ONR 
and  Air  Force  support. 

Ihc  remainder  of  this  report  consists  of  compilations 
of  technical  reports  with  summaries,  pxiblications , patents, 
oral  presentations,  and  daughter  Pennv;alt  contracts  based 
at  least  in  part  on  v/ork  performed  on  this  contract  or 


contrnct  Nonr  2687(00).  It.  is  anticipated  that  v'ork  on 
applications  for  poly  (metal  phospLinates)  v/ill  continue  at 
Pennwalt. 


B . Summary  of  TcclTnical  Roporfn  Tsnucd 

Technical  Ronort:  No.  I.  "Inorganic  Coordination  Polymers. 

XI.  A new  Fiuiiily  of  Chromium  ( IT  I ) Bis  (phosphinate ) Polymers, 
[Cr(OII)  (OPRR'O)  „)  ."  P.  Wannelli,  Tl.  D.  Gillrnan,  and  B.  P. 

Bloch.  May,  1971.  AD-724  768.  Manuscript  for  Publication 

No.  ‘6. 


Heating  hydroxyaquocliromium  ( III)  bi s (phospliinates ) at 
temperatures  up  to  200" C undex*  vacuum  yic?].ds  the  corres- 
ponding anhydrous  polymtirs  [Cr  (OH)  (OPRR ’ O)  „ ] . The  infrared 

and  visible  spectra  and  solution  properties  load  to  the 
following  conclusions.  When  R and  R'  arc  phenyl  groups,  the 
hydrox\'l  groups  appear  to  bridge  betv/een  adjacent  chromium 
atoms  in  the  chain  together  with  the  phosphinate  ligands  to 
yield  a lineiar,  triple-bridged  polymer.  WTien  at  least  one 
substituent  on  the  phosphorus  is  an  alkyl  group,  some  of  the 
hydroxyl  groups  crosslink  between  chains  to  yield  less 
solxible  polyraers.  Compiirison  of  the  properties  of  these  new 
polymers  with  the  parent  polymers  suggests  that  the  latter 
should  be  forniulatcd  f Cr(H„0)  (OH)  (OPRR' O)  „]  „-pH„0  and  that 
they  contain  more  than  one  kind  of  monomer  unit.  Tbe  parent 
pol^miers  can  be  readily  prepared  by  a nev;  method  that  in- 
volves  reaction  of  solxiblc  chromixxm  ( III ) salt  with  alkali 
metal  phosphinatns  or  of  chromium ( III ) hydroxide  with  phos- 
phinic  acids  in  a water- tetr^l}lydrofuran  mixture. 

Technical  Rf;port  No.  2.  "Inorganic  Coordination  Polymers. 
XII.  Chromium ( II I)  Tris (phosphi nates) . " P.  Nannolli,  B.  P. 
Block,  J.  P.  King,  i\.  J.  Saraceno,  O.  S.  Sprout,  Jr.,  N.  D. 
Peschko,  and  G.  II.  Dahl.  Juno,  1971.  AD-763  691.  Manu- 

script for  Publication  No.  9. 

Cohesive  films  of  a series  of  chromium ( III ) tris- 
(phosphinates)  [ Cr (OPRR' O)  (OPR" R" ' 0)  (0PR*R**0)  ] ^ in  which 
the  side  groups  on  the  phosphorus  are  alkyl,  phenyl,  and/or 
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hydi'ogcn  groups  have,  beon  propared  by  I'cactnon  casting  or 
by  hot  pressing.  Tl'.e  projiarativo  reaction  ^\ppGars  to  involve 
conve.rsi.on  of  an  aquuhydroxo  or  hydroxo  chroiirimi ( III ) bis- 
(phosptii  natc  ) to  an  interinediate  hydroxo  bis  (phosphi  nate ) 
containing  coordinated  phosphinic  acid  follov/cd  by  an  intra- 
chain reaction  leading  to  the  tris  (phospiiinatc)  . Tensile 
strengths  of  Lhc  chromium  ( ill ) tri.s  (phosphinatos)  range  from 
100  to  5600  psi,  elongations  from  less  than  1 to  100/i. 
'niermogravimetric  data  indicate  that  major  decomposition 
occurs  at  temperatures  from  200  to  405'’C  in  air  and  from  410 
to  SIO^’C  i.Ji  nitrogen.  Infrared  spectra  and  physical  prop- 
erties are  interpreted  to  support  a structure  for  the 
chromiuai(III)  tris  (phosphinates)  that  is  based  on  linear, 
tripi e-bridged  chains.  The  presence  of  octyl  or  other  long 
alkyl  side  groups  on  tho";  phosphorus  improves  the  physical 
properties,  prerumably  by  internal  plasticization,  but  leads 
to  decreased  tliermal  stability. 

Technical  Report  l/o . 3.  "Inorganic  Coordination  Polymers. 

XIII.  Ciiromium  ( III)  Halo  bis  (phosphi  nates)  . " H.  D.  Gillman, 

J.  P.  King,  and  B.  P.  Block.  June,  1971.  AD-763  692. 

Manuscjript  for  Publication  No,  10. 

la-IIalo-bis  ( p-phos}''hinato)  -chromium  ( III ) polymers , 
[CrX(OPRR'0)2lj.^  (with  R-R'=C^IIj.,  and  R~CH.^  and 

R'=C6H^;  X=C1,  Br,  and  I),  have  beon  investigated.  The  chioro 
polymers  were  prepared  by  the  reaction  of  anhydrous  chromitur, ( III ) 
chloride  v/ith  the  appropriate  phosphinic  acid.  The  bromo  and 
iodo  polymers  were  prepared  by  oxidizing  chromium(II)  phos- 
pTiinatcs  wi.th  brouii.ne  cind  iodi.ne,  respectively,  lhc  chloro 
and  bromo  diphcnylphosxahinato  polymers  are  soluble  in  common 
organic  solvents  and  have  molecu.lar  weights  corresponding  to 
degrees  of  polymerization  of  10-12,  They  hydrolytically 
unstable,  fon.iing  first  an  aquated  haio  spccnes  and  eventually 
tlic  corresponding  aqua  liydroxo  polymer  (cr  (n^O)  ^ (OH)  [OP- 
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(C^H^)  2} They  inrc  quilo  Etahlo  tlicrnially  and 

o>dn.bit  initial  woioht  loss  at  3G0"  and  l-JlO”,  rospccti vely , 
by  thcrmogravimctric  analysis.  Ihc  iodo  polyaior,  on  the 
other  hand,  starts  cvolvincj  iodine  below  100“,  T]ic  solubility 
and  visibie  and  infrared  spectra  of  these  })olyniers  indicate  a 
linear  structure  similar  to  that  provi.ously  suggested  for 
|i-hydroxo-bis  ( P“phosphi  na  to) --chromium  ( III ) polyners.  In  this 
structure  iill  three  onions  function  as  bridginij  groups. 

To ch n i c a 1 Report  No. 4.  " Phosphinylmcthyl  Derivatives. " 

J.  ]h  King,  I.  C.  Popoff,  and  B.  P.  Bloch.  June,  1971. 

AD-7G3  693. 

Diplieny  Ipho  sphi  ny  Imc  th  ano  1 , me  thy  Ipheny  Iphosphiny  1- 
methanol,  and  ilimethylphosph.i  nylmethraiol  have  been  prcg.iared 
by  fusion  reactions  of  sodiuni  acetate  and  tlie  coi'respondixig 
P,  P-disul:)stituted  chloroinethylphosphi  no  oxide  at  elevated 
temperatures  follo\/cd  by  acid  hydrolysis.  Tno  int.er:uediatc 
phospliinylmethyi  acetates  have  been  isol^^ted  and  character- 
ized, Both  infrared  and  hydrogen  null  res.ults  show’  that  there 
is  extensive  intramolecular  hydrogen  bonding  in  these  phos- 
phinylrnothanols . 

Technical  Report  No. 5_.  "Various  Phosphonitrilates  of 

Cl-iroinium  ( III ) , " J.  P.  King  and  B.  P.  Bloch.  Juno,  1971. 

AD- 76 3 694. 

A series  of  chelates  of  chromium ( II I ) --Cr (OPPh^KPPh^O) ^ , 
Cr  (OPPh^NPPh^O)  ^ (AcCHAc)  , and  Cr  (OPPli^NPPh^O)  (AcCIIAc)  2"- has 
been  synthesized  and  characterized  by  elemental  analyses, 
melting  points,  infrared  spectra,  and  molecular  w’eights.  TGA 
data  shov/  thirt  the  chromium  (111)  tris  (phosphonitrilate)  is 
stable  to  410°  in  air. 


Toolin'' cal  Rr-port  No.  G.  "Four-  and  Cix-Coordi  nn to  Cobalt  ( IJ  ) 
Diocl:y]phof  ]ihinatc.  " H.  D.  Gil.lnian.  June,  1972.  AD-744  9G0, 

Manuacrint  for  Publication  No.  7. 

A new  form  of  cobalt  (IT.)  d 1 oeij  l]3b.osph;i  natc  ( foimi  II) 
•wa.n  prepared  by  the  rcacliion  of  cobalt (II)  cliloridc  with 
dioctyl phosphin ic  acid  in  absolute  c't'lvinol.  Visible  and  near 
i'nfrared  spectrti  indicate  that  form  II  contains  octahedrally 
coordinated  cobalt (II),  whereas  the  jireviously  reported  form 
(form  X)  contains  tetrahcdrally  coordincated  cobalt  (II). 

Form  II  is  irreverfdlily  converted  to  form  I by  heciting  above 
6B'’  or  ny  dissolving  it  in  nonpolar  solvents.  Infrared 
spectra.  X-  ray  powder  p^^ttcrns,  and  DSC  thermoTjrams  for  )ioth 
forms  are  presented  and  compared.  Tliis  appears  to  be  the 
first  example  ol  a poly(metal  phosphlnate)  tliat  exists  both 
in  four--  and  six-cooi.di natc  fonns. 

Toclmi  cal teport  No.  7.  " Polymeric  Cliromium  ( III ) Bis  ( phos- 

pliinates ) . '■  II.  D.  Gillman,  P.  Nannelli,  and  B.  P.  Block. 

June,  1972.  AD-744  9G1 . Manuscript  for  Publication  No.  21. 

General  procedures  avoiding  the  use  of  chromium (IT) 
intermediates  are  presented  for  the  synf*iesis  of  t'wo  ty))es 
of  chromiu'Ki  ( III ) bi.s  (phosph  i note)  polymers  , fCr(Il20)(0K)- 

(OPP.U'O),]  and  f Cr  (Oil)  (OFRR' O)  ] . 

Techn ice  1 ip-nort  No. B.  "Observations  on  Some  Poly  (metal 

phosphinat.es)."  B.  P.  Blocly,  II.  D.  Gillman,  P,  Nannelli, 
and  P.  T.  Cinsymala.  June,  1972.  7VD-744  962.  Manu-script 

of  a paper  presented  at  the  lG4th  7\m;.>rican  Chemical  Society 
meeting,  New  Ycr):,  N.  Y.  , Auegust,  1972. 

Dioctyl]d losphinatcs  of  'ihe  bivalent  f irst-transition- 
series  o.lements  from  chromium  through  sine  have  been  prepared 
and  c'naractcriscd . 'Nie  variety  of  foimis  found  is  discussed. 
Cobalt(IJ),  ir(.)n{II),  and  manganese  ( 1 1 ) yield  a form  based  on 


octahcidral  centers  re.jui.rer.  multiple  rharintj  of  some 

individual  phosphinate  oxygens,  Cliro;nium( II ) and  nickel  (II) 
may  give  similar  derivatives.  Uranyl  pliosphinatos  can  be 
divided  into  two  groups  based  on  soluoility.  'Hie  viscosity 
and  molecular  weight  data  obtained  for  some  of  the  soluble 
species  indicate  tliat  they  ciie  polymeric  altliougl)  their 
solution  behavior  is  not  ideal.  Infrared  ana  R-"UTiun  spectra 
suggest  that  LV»e  uranyl  oxygen  atoms  are  not  shared  in  the 
soluble  species  and  consequently  r'nat  the  bridging  is  via 
phosphinate  groups.  It  has  px'ovod  possil>lc  to  prepare 
flexible,  strong,  crystalline  films  of  the  chromium  tris- 
(phosphiLnate)  Cr[OP(CH.j)  (C  Hj.)0]  [Or(C  IJ  ) O]  rcprodncibly . 
Brittle,  amorphous  films  result,  however,  under  certain 
conditions.  Tlxe  difrcrcnces  in  the  films  are  accounted  for 
on  the  basis  of  the  pl;ist ’ cii’iiig  acti.o)!  of  octyl  groups 
spaced  in  regular  fashion  along  the  backbone  of  the  ):)ol;iTner 
in  the  flexible  fom. 

H’echnn  cal  Penort  Mo.  9.  "Inorganic  Coor  g.inal  ion  Pc'lyrncrs. 

XIV.  Chromiuiii(iTI)  rhosphinate  Perf lucocarboxyla J.e  Pol^Tiiers." 

II.  D.  Gillnian  and  P.  Kannolli.  ScjjLernbcr.  1973.  7'.D-7G3  837. 

Manuscript,  for  Publication  Wo.  11. 

A series  of  polimicrs,  fCr  (Oil)  (OPRR' O)  [OOC-CCF^)  (CF^)  } 

has  been  prepared  and  studied.  'Jhe  polymers  v?ith  R-R'-Cj,Hj^ 
are  soluble  in  CCl^FCClF^j  wliereas  those  with  R=cri^  and  K' - 

and  with  R=R'-C'  Il_  are  insoluble  in  all  solvents.  Attcjnpts 
to  pireparo  similar  materials  v;iihouL  hydioxyl  gi  ouos  gave  the 
pol^mners  f Cr  (Oil)  ^ (OPRR' O)  fOOC  (CF,,)  CF(cr.,).]  }„  vaith  0 < r < 1. 

J£.  X?.  O yj!  CJ 

Ihc  latter  polyn\ers  are  much  more  tractable  tli’an  the  former; 
however,  they  are  also  less  thermally  sttible.  'Ihe  pcrflvioro- 
carboxylate  groups  in  these  materials  can  either  be  chelating 
or  bridging  depend:! ng  on  the  other  ligands  present. 
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Tochn  i cn  T Ho  po  . ^1^0.  "Inorrjum'c  Coord  in  at.  ion  l-’o]  i^rmorn . 

XV.  Diocty  i}jhoap'liir:a  Lon  <.<f  Cliroiniurr.  ( IT ) . ManganosG  ( II)  , 

Iron(TI),  ^3j.clcol  (IT)  , and  Copper(II)."  II.  D.  Gillman. 
November,  1973.  7vD-770  15G.  ManuscrJ ].'l:  for  I’ublication 

No.  12. 

The  d iocfcylpboGpliinai.ey  Cr  [ 01^  ( ) ,^0]  ^ , Mn  [ OP- 

(0^11^7)20)  I'ef OP (0^11^.7)20]  2,  NifOP{Cj.jH^  ,7)2^^’ 

Cu  [OP  (Cgllj  o®]  9 have  been  p’-epared  and  characLcrized . In 
the  solid  sLatc  all  appear  tc  liavo  oclahodral  or  square 
pjanar  coordination  arovtnd  l.hc  motal.  'ihe  nichcl  dcr.ivative 
converts  to  a tet  ralK-dral  form  above  its  molting  point, 
whorean  tuo  copper  and  mangm;cso  derivativof;  change  goometiy 
upon  dissolution.  Tlie  anfr;ircd  spocLra  of  these  nuiteria]  s 
in  the  PO^  strctcliing  region  .'.uggest  that  several  d.i  ffore.nt 
types  of  metal  piior.phinate  coordinate  .linliagcj'.  tire  present. 

Tech?'’ ;i  ca.t  Po;:^r)'^'t  13'o.  11.  "Ij^organic  Coordination  Po.lym.Ci'^s . 

XVI.  Xinc(lT)  pj  ..osjininatc  Polymers  Containing  I’ohy  phen /Ic  uo 
and  Poly  (Phenyl  one  Oxide)  Side  Groups,''  P.  Nannvelli,  II,  D. 
Gillman,  11,  G.  Monsimer,  and  S.  B.  P.dvani,.  Aprid  , 1974. 
AD-780  4G.3.  I-binuscript  for  Public;atic>n  Ho.  13. 

TIic  syutliesi.s  and  cliaractorizat j on  of  a scries  of  now 
phosphinic  acids  and  the  zinc  polymers  prepared  from  them 
are  reported.  These  compositions  are  charac Lci'i zed  by  the 
presence  of  short  polyphenylene  and  pol y (phcnylene  oxide) 
chains  as  sidr.-  groups.  Soma  of  the  zinc  derivatives  were 
fomid  to  be  tractable  polymers  with  good  thermal  stability'. 

Tcchn.i  cctl  I’.eport  Po.  12.  "Inorganic  Coord  .i  rial,  i on  Polyi.icrs. 

XVII.  Tlic  Preparrdiion  and  Properties  of  Tanralurn(V)  Di~ 

pTie.nylphosp''-\j.natns.  “ II.  D.  Cj. liman.  August,  1974.  7vD-7B3 

94G.  Manu.script  for  Publication  No.  17. 
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Taritalmi  diphc'aylphosphinaLo  alhoxidcs  and  oxides 
were  prt^pared  v.’ith  one,  two,  ajid  t.liree  di pliony Ipliospli i nato 
gioups  per  tantalmi.  They  wore  found  to  ho  low  molecular 
woigut  polymers  in  solution.  The  infrared  spectra  of  the 
tantalum  diphonylphosph inato  oxides  indicate  that  the 
phoKphinate  groups  have  predominately  one  mode  of  coordina- 
tion (probably  symractrical  bridging)  in  Ta  [ OP  (C^H,. ) 2OI - 

'.vhercas  in  Ta  [OP  (0^.11^)  and  Ta[  OP  (Cg}!^^)  ^O] 

0*xH^0  they  have  a variety  of  coordination  modes.  Tlie 
thermal  stabilities  of  tantalum  diphcnyl})hospliinato  dioxide 
and  tnntalr.m  bis  (diphony  ] phosphinate)  sesquioxide  v.’oro  con- 
siderably greater  than  tantalum  tris (diphenylphosphi nato) 
oxide. 

Techvji.c^a.  1 Report.  Mo.  ] 1.  "'Jfne  Effects  of  Structural  Disorder 
on  One-Bimensif;nri.l  Anti  ferromagnetic  Chains:  Poly-Chronium- 

Phosplii  nates . " J,  C.  Scott,  A.  P.  Garito,  A.  J.  Hcogor, 
i P.  Nannolli,  ar.d  II.  D.  Gillman.  December,  1974.  P:o/T.-002 

i 

. j 449.  i-laTiu script  for  Publication  f.'o.  16. 

i HiG  nv'gnetic  properties  of  several  poly  (metal  phos- 

! phinates)  have  been  measured.  In  particular  ESR  spectra 

and  the  temperature  dependence  oJ:  the  static  susceptibility 
. , of  three  poly ( chromium  phosphinates ) iiiiply  tljat  these  polymers 

: j comprise  a clar=s  of  onc-dimonsional  antif (;i'romagnctic  chains 

• 1 . ^ 

v/ith  J/Iv  ^ 4K  and  wj.th  a varying  degree  of  crystallinity. 
Structurcil  disorder  is  found  to  limit  the  range  of  spin 
correlations  avid,  in  t'l;e  extreme  cvisc,  prohibits  extended 
■ I short-range  order.  The  data  are  nnalyxod  in  terms  of  a model 

1 of  chains  of  constant  c;xchnnge  but  finite  lengtii.  Comparison 

is  m.adc  with  an  alternative  model  of  infinite  chains  with 


Heisenberg  exchange  J varying  randomly  about  a moan.  T)ie 
width  of  the  distribution' of  J provides  a direct  measure  of 
the  disorder  in  each  system. 
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Technical  Repoft.  No.  14.  "Inorejanic  Coordination  Pol^nnorn. 
XVIII.  Observations  on  Brittle  and  Flexible  Fihns  of 
fCr[OP(CII^)  (CJI,^)0]  ^l0P(cyi^^)^0]  } . " P.  Nannelli,  II.  D. 

Gillman,  and  B.  P.  Block.  May,  1975.  /vD-AOlO  55-1.  Manu- 
script for  Publication  Ho.  19. 

Films  of  fCr[OP(ClI_)  (C,1I_)0]  „[OP(C,  IT,  .,0]  } , formed 
during  the  reaction  of  ("Cr  (Oil)  [Ol^CIb  ) (C'  II,. ) O)  with 
dioctylphosphinic  acid,  nire  eithci:  brittle  or  flexible 
depending  on  the  details  of  the  preparation  ot  the  chromium ( III ) 
bis  (phosphinato)  precursor.  Both  kii'ids  of  film  appear  to 
contain  mainly  triple-bridged  chains.  Differing  degrees  of 
randomness  in  di.stribution  of  the  two  kinds  of  phosphinato 
bridges  and,  hence,  of  the  internal.ly  plasticizing  octyl 
groups  along  the  chain  ocount  for  the  observed  differences 
in  flexibility,  X-ray  diffraction  patterns,  and  birefringence. 
Tlie  observed  intrinsic  viscosities  of  9-10  cll/g  probably 
indicate  that  these  trisCphosphinates)  form  raicrogels  rather 
than  true  solutions,  'Fne  thermal  d>..:9i'adati on  of  these  filius 
proceeds  by  the  oxidation  and  cleavage  of  the  organic  side 
groups.  Addition  of  antioxid^;nts  to  tlic  flexible  fibr.s 
significantly  increases  the  longevity  of  their  flexibility 
at  200°C. 

Technical  Report  No.  15.  "Tne  Specific  Heat  of  Disordered 
AntiferromagneLic  Chains:  Poly (Metal  Phosphinatos) . " T.  S. 

Wei,  J.  C.  Scott,  A.  F.  Garito,  A.  J.  Heegor,  P.  Nannelli, 
and  II.  D.  Gillman.  December,  1975.  AJD-7v020  103.  Manu- 

script for  Publication  No.  18. 

'ihe  specific  heat  of  some  poly  (chromium  pliosphinatesi 
and  of  their  non-magnetic  analogues,  poly (zinc  phosphinates ) , 
have  boon  measured  in  the- teniijerature  range  1.6  ,<  T lOK. 

TIio  vibrational  contribution  to  the  specific  heat  i'^^'  con- 
sistent with  the  polymeric  nature  of  the  materials,  changing 


3 5 /2 

from  T to  T ' dcj^ondcncc  as  tlie  tempc.iature  rncrotises. 

'Ilie  magnetic  specific  hent  can  then  l>e  exl.reic ted  and  is 
found  to  be  in  qi,ual i tative  agreement  with,  a model  that 
inclmdes  di.sorder  in  the  spin  chains..  Vie  believe  that  this 
is  the  first  me£isurement  of  the  specific  hcc;t  of  a dis- 
ordered one-dimensional  magnetic  system. 

Technical  Report  Ko.  1 G.  "Inorganic  Coordinatiem  Polymers. 
XIX.  Steric  Effects  of  Hydrocarbon  Side  Groups  on  the 
Structure  and  Properties  of  Eir.c(II),  Cobalt(ll),  Mangan- 
ese (II),  Nichcl (II) , and  Copper (II)  Bis (phosphinates ) . " 

J.  L.  Eichelberger  and  II.  D.  Gillrrian,  December,  1975. 
AD-A020  184.  Manuscript  for  Publication  No.  22. 


Tlie  metal  (II)  di  alkylphosphinatcs  I'UOPR^^]  2 
Co,  Ni  , Cu,  Zn;  R-  C(CII.^)2,  CH^CII^CH.^CH^ , CH ( CII^ ) CIl2CIl2CIb 
have  been  investigated.  The  structures  of  the  complexes 
with  straight-cliuin  R substituents  vary  for  the  different 


metals  and  include  polxaners  v.’i  th  both  octahedrally  and 
tetraheurally  coordinated  metal  centers.  On  the  other  hand, 
tlie  metal  (II)  phosphinri tes  that  contain  bulimy  alkyl  R 
substituents  all  appear  to  have  the  same  structure,  vdiich 
contains  tetrahedrally  coordinated  metal  centers  and 
symmetrically  bridging  0,0'  phosphinate  groups. 

Techni.cal  Pveport  No.  17.  "Inorgamic  Coordination  Polymiers . 
XX.  Zinc (II)  Phosphinate  Polymers  and  Copolymers  Containing 
Phenyl  .Eulfonc  Side  Groups."  P.  Nannelli,  II.  D.  Gillman, 

H,  G.  Monsimer,  and  S.  B.  Advani.  December,  1975.  7.D-7v0?0 

185.  Manuscript  for  Publication  No.  23. 


The  synthesis  and  characterixat.ion  of  u.  series  of  new 
phosphinic  acids  and  the  xinc  polymers  and  copolymiers  pre- 
pared from  them,  are  reported.  Tliese  compositions  are  char- 
£icterized  by  the  presence  of  phenyl  sulfone  side  groups. 


TIig  zinc  derivatives  were  fou)id  to  be  among  the  most  thermally 
stable  tractable  poly(motal  }hiosidiinat.cr, ) yet  studied. 

Tc-chniceil  Roy)ort  No.  IB.  "Synthesis.  Properties,  and  Struc- 
tural C]iaracteri;iation  of  Ijcad(II)  Pi  s (diphenyl ;.>hosphi nate)  , 

Pb  [OP  ) .^O]  2 . " 1.  Colamariiio,  P.  L.  Orio]!,  VJ.  D.  Bcuizinger 

and  n.  D.  Cillman.  December,  1975.  AJ1-A020  18G,  Manuscript 

for  Publication  No.  20. 

Pure  polymeric  Pb  [OP  ) ^O]  ^ has  been  prepared,  and 

its  structure  has  been  doteriiiined  by  throe-diinoir'  ional  siiigle- 

crystal  X-ray  techniques.  T'no  compound  crystallizes  in  the 

tri clinic  space  groiip  PI  v;ith  t\;o  formula  units  in  a cel  i of 

dimensions  a = 12.1G7  (5),  b = 10.937  (4),  c 8.695  (6)  1-, 

a --  9G.40  (3),  (1  - 105.96  (4),  y - 91.05  (5)"?  V 1104  Pr 

-3 

^^calcd  “ g cm  . Least-squares  refinement  of  37  3 7 

independent  reflections  gave  a final  R factor  of  3,5%.  'Hie 
structure  consists  of  polyraeri.c  cluiins  of  lead  caLoms  linlied 
by  doublc-'-pliosphina to  bridges.  The  coordination  around  each 
lead  atom  can  be  described  as  a di.storted  trigonal  bi pyramid 
wi  th  a lone  pair  of  (ilectrons  occuyiying  an  equatorial  site. 

Mean  equatorial  a.nd  axial  Pb-0  distances  arc  2.233  (6)  and 
2.435  (6)  / , respectively.  'Hue  corrc.spondi  ng  O- Pb-0  angles 
are  88.2  (2)  and  167.6  (2)°.  'ibis  polymer  v;as  found  to 
dissociate  in  solution,  and  its  infrared  spectrujrt  suggests 
that  changes  in  the  node  of  coordination  of  the  phosphinato 
groups  take  place  upon  dissolution.  Other . forms  including 
crystalline  and  amorphous  modif i.eations  were  found  in  the 
solid  .state. 

Tcchnica.1  Report  No.  19.  "Inorganic  Coordination  Pol;^micrs. 

XXT.  Manganc.sc' ( II ) , Cobalt  (II),  Nicl:cl(II),  Copper  (IT), 
ana  7.inc(Il)  Hi  s [Bis  (N-Phpnylaminomethyl  )phosph  i no  tes]  . 

Effects  of  Coordinating  Bide  Groups."  J.  L.  Eichalborger 
and  H.  D.  Gillnuin.  January,  1977.  AD-A035  099.  Manu- 

script for  Publication  No.  24. 


-]4 


i 

. j 


I 

I 

} 


> '1 
\ 


nie  bis  Ibis:  (N-phonylair.i  iio-nr'tiiy.l  ) pbociph  InnLon] 

M[OP  ) ^O]  ^ (v;ith  M - Mn,  Co,  Ki,  Cu,  and  Zn)  have* 

boon  invest]  oated . 'I’lio  maiiuaneso,  cobalt,  and  nicbel  derivn- 
tivess.  all  liavc:  similar  structures  vaitli  octaliedral  ly  coordinated 
metal  centers,  the  copper  derivative  i.s  probaVjly  tetragona ],ly 
distorted  octahedral,  and  the  zinc  licrivative  is  tetraliodral  . 
All  of  tliese  comi''Ounds  contain  some  coo rtiina ting  amines  groups 
except,  the  zinc  camplc.x  in  which  no  amine  groups  coordinate. 
Most  likely,  all  of  these  coiupounds  contain  symmetrically 
bridging  0,0'  phosphine'ttc  groups,  'lliC  thcnaal  stabilities 
of  these  complexes  are  markedly  differ ent  from  one  another 
and  appear  to  bo  dependent  oi]  the  ligand  field  stabilization 
energies  but  not  on  tlie  chelation  of  the  amine  groups, 

Tochn  i cal  Rcr-o.rt  No , 20  , " I no  .r  g an  i c Coo  r d i n a t i on  Po  lyme  r s . 

XXII,  Chromium(IIl)  Bis  (phorjnn  natc)  Polyaiers  CouLaining 
Some  Organic  7\nions."  II.  b,  Gillmr.n  a.nd  P,  Mannclli,  Janu- 
ary, 1977.  AD~/i.035  ,100.  Manu5]cripL  for  Publ.joation  No.  25. 

I'he  prcparat.ion  and  characteri  zation  of  a variety  of 

chromiu’ii  ( III ) l^is  (phosphi  natc)  polymers  {cr(L)  [OldlR' Oj 

[v;ith  R^R’=C,.H^  and  R-^CiL, , R'  -C,.Ik.  r L=0O.b,  (OCIbCTbO) 

65  3 ■ o 5 3 ’ 220.5 

, CO,, 

,0  X-,.0  r"  'i 

OCII^CiyiH^,  if  , Ij  , and  ] is 

cno  CHI.'TC  dk 

4 9 O 

reported,  Ihese  al.koxidcs,  aryloxid.es,  and  carboxylate  deriva- 
tives v;ere  prepared  by  tlie  reaction  of  M-chlorc)--bis(H“pbos- 
phinato ) -c-hromium ( III ) with  the  appropriate  alcohol  or 
carboxylic  acid  in  the  presence  of  excess  tri et by  1 ami ne  in 
THP.  The  ixiincs  were  prcj^arcd  by  treating 


Cr 


I Iji  [0PRR'0]2  with-  the  appropri.ato  ru,iir,c  in  benzene, 
OIIC'^"^'^  i 


-ir.- 


Thcsc  mcitorial.o  arc  general  ly  :'.olul)l.o  in  organic  col  vents 
in  v.’hich  their  luolccnlar  v.'o;ighis  r.ingc  iror.i  l,bOO  to  10.  GOO. 

In  both  the  solid  states  and  in  solution  theses  pol'/inorn  arc 
hydrolyticcilly  stable.  Tneir  properties  suggest  octahedral 
chromium  { II 1 ) center.;  bridgec]  by  doi'lilc  phos.phi  nate  bridge.s 
as  vk;11  as  Ijridging  (L)  groups. 

Toclinical  Report  ^To.  ?1  „ ]\rp]^  ,St\idics  of  the  T. inear  Chain 

Magnets:  Poly  (Metal  Pliosphirja  tes)  . " L.  S.  Smith.  P.  R. 

Nov-iiian,  A.  J.  Hoeger,  h.  F,  Gariio,  11.  D.  Gill  man,  £tnd 
P.  Kannelli.  June,  1977.  AD-  . Manuscript  for 

Publication  Ko,  26. 

71 

'Hie  pat'amngneti c shift  n.nd  lincw.id Lli  of  tlic  P NMR 
have  been  measured  for  three  i.;agnr-t.ic  polymers 
Co[0P(C^n^J,^0]  Cr  [OP  (CII^)  ^OH,  caid  Crlor(Cil^)- 

(C^n^)Ol  2 /oialyr.is  of  the 

paramagnetic  shift  ar  a funct.ieri  of  thc'  .si  atic  ma!;;i<-tic 
suscejit.i.Pilj  Ly  yields  a value  for  the  h.yporfiiic  cou]'>ling 
consta.nt  A 4 x 10  cm  , Pi"ev.ic.u.sly  iueasured  ; .nd  c.v.t- 
culated  hypcrf.i  ue  constants  fo.r  an  elcct.'on  ;i  n the  7r;  and 
3p  orbitals  £irc  used  to  .shov.’  tlie  paran;ag.net,i  c shift  is  dijc 
mainly  to  traissf  :'r.red  magnetic  .sjvia^  density  (:-0.1/)  in  the 
phosphorus  3s  orbital.  'file  Xinewidths  of  tiicsc  materials 
are  npproximeitely  10  Oe  at  room  teniiJorctturc  land  bioaden 
sl.i. ghtly  \>;ith  dccrc^lsing  temperature.  'tho  teinporature 
dependences  of  the  linevaidtlis  are  usc'd  to  deduce  a:i  upper 

I. imit  (<  1 %)  for  the  ainount  of  tran.sfcrrc.d  spin  density  in 
tho  phosphorus  3]i  orbital. 

Tcchn.i  ca  1 peiiort  No.  22.  "Crystal  Si:ruc{.ure  and  Magnot..i  c 

Studies  of  Pis  (u-l)ib'i  ty.lphosphinato ) CoiDpor  ( IT ) ..  " R„  Cini, 

P.  Colarnari.no,  P.  L.  OrioJ  i , L.  .9.  Smith,  P.  K.  hGv.TTian, 

II.  D.  Gillir.an,  and  P„  hannelli.  June,  1977.  AD- 
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Tlio  strurturo  of.  Cu  [ OP  (C^M^)  ^0]  ,,  in  Llio  nollcl  j;tato  has 
been  dcteiTiined  by  three-dimensional  sinq.l  o-ci'yst  al  x-ray 
techniques.  The  compound  crystallines  ii;  the  triclJnic  space 
group  P.L  v/i  th  two  formula  units  in  a cell  of  dimensions; 
a = 12.245(G),  b = 9.BG3(5),  c = 9.019(5)  Aj  a ""  101.18(4), 

P = 105.  78  (5),  Y = 93.  77  (4)  ° ; V =-  1110.7  , d^  = d^^^  ^ 

1.25  9 cm~^.  Ihe  structure  was  ‘iolved  by  the  hea\77-atorn  tech- 
nique, and  least  squares  .00! Jnemont  gave  an  U factor  of  O.OGl. 
'Tne  structure  consists  of  polyinorjc  c’nctijis  of  copper  atoms 
linl'.ed  by  double  phor.pliinate  bridgcjs.  'fae  coordination  around 
each  copper  atom  can  bo  doscrabod  as  a vc:ry  flattened  tetra- 
hedron. 'Ihe  g tensors  for  oriented  single  crystals  were  deter- 
mined Try  KSR  and  range  from  2.07  to  2.41,  with  th.o  large:'  value 
in  a dircct.ion  nearly  normal  to  a mcn-in  pleme  formed  by  the 
copper  atoms  and  the  ligands.  I'hc  spin  orbit  coupling  constant 
suggests  ccnsidorublc  nrLxing  of  metal  and  ligand  orbitals  in 
this  pol.yme.1' . 
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iiirj  (nBofipliinauc)  BoJ-V-iiorr, , 

ICitli  National  Moccing.  New  york.  1072 

Poiyjiior  Paper  32.  E.  p.  viiocl.,  N.  'O. 
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21st  /mnual  ConPoroncG  on  Magnotiom  and  Magnetic  Materials, 
Philadelphia,  Pa.,  Dec.  9-12,  1975. 

Paper  6C-2,  J,  C.  Scott,  T,  S . V7ei,  F,  Garito. 
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lj,  0.  S'.-iith,  P.  R.  Nc-v.aian,  A.  F.  Gai'ih.c,  A.  J.  Ufrcger 
P,  Naimolli  . raid  }J,  D.  Gill'r.an,  )’  PaMi-:  Investigation 
in  Poly(Kc.l'al  Phosphi  r.-vtes)  . 


Dauahter  Pennwa 


6/2/71-6/1/72  F29601-71-C-0095  AF”L  Characterization  of  Advanced  August,  1972 


>1 

c: 

1 

u 

o 

o 

1 

Vi 

-p 

-.H 

j:3 

V 

r-' 

to 

y< 

Vi 

f-H 

a, 

"G' 

■—4 

c; 

o 

CJ 

(0 

o 

fi 

-.1 

to 

0 

di 

[•; 

U 

o 

di 

Q> 

tH 

CC 

r*i 

F- 

4-> 

4J 

to 

r— i 

'd 

T; 

V| 

d 

O 

f: 

o 

o 

O 

to 

o 

CQ 

c: 

c; 

o 

o 

(h 

y{ 

c» 

d' 

44 

G 

■»“{ 

•ft 

u 

•H 

to 

rJ 

^-1 

4- 

■fi 

ITj 

rH 

ai 

4J 

C’ 

r-< 

0 

d 

► • • 
►-■-« 

w 

d 

P, 

a 

r3 

fj 

Vi 

rj 

►d 

r: 

^1 

G 

to 

•i-M  t ' 

o 

•H 

a 

■ft 

H-( 

G 

Vi 

0 

< 

-H 

•H 

4.1 

c 

l> 

^ « 

o 

r< 

dJ 

HI  < 

rH 

1" 

c 

'd 

•ri 

c. 

o 

p. 

V-i 

4J 

-!-■ 

U 

Ifi 

G 

d 

M 

a> 

tj 

o 

c 

G 

O 

ft 

Vh 

O 

t . 

0. 

*.■* 

V. 

a 

rj 

G 

■r-^ 

(— 

d 

P. 

U-t 

f. 

r.i 

?v 

r. 

r” 

d 

44 

t;; 

to 

a 

u 

I'j 

iV 

r"‘ 

K 

0 

to 

[•> 

C 

ft 

o 

Vi 

P 

d 

jT; 

• r4 

r-4 

f:> 

r * 

o 

O 

5 ; 

•r-i 

4i 

.c: 

r; 

•p 

4> 

G 

Gl 

Oi 

to 

0) 

d 

4J 

to 

a 

* . 

r*> 

>! 

f ■ 

fj 

C> 

•/*4 

C) 

C> 

, --. 

n 

o 

.■j 

G 

(.■) 

f"'l 

1 i 

L) 

»'* 

t/} 

a 

c 

P. 

Pt 

. I 

I 


i 

I 0 

1. 

v; 

i-T 

► -T 

t.) 

1 o 

r: 

*•* 

^*1 

*7* 

' a 

C; 

• 

OJ 

o 

< 

< 

\ 

i 

• ! 

1 

o 

f- 

I-' 

1 • 

r ' 

\o 

v.-« 

CO 

o 

ft 

VD 

r •’, 

r--{ 

tn 

1 

o 

ft 

o 

m 

o 

V'i 

1 

V 

1 

U 

! 

U 

1 

c; 

1 

U 

! 

1 

1 

1 

I 

VO 

•* 

1 ra 

rj 

<N 

ro 

in 

- 

Vi 

T'' 

f ' 

r- 

r- 

4-! 

1 

1 

1 

1 

1 

• 

C 

in 

f i 

tn 

cr. 

i 

0 

r-4 

ft 

r j 

r-t 

VO 

u 

o 

VO 

C\ 

VO 

<N 

o 

m 

o 

r^i 

nj 

o 

r*> 

VO 

fO 

VO 

X4 

u. 

f ) 

•'4' 

, 

f ' 

r- 

in 

rH 

f* 

m 

f) 

fi 

«'n 

'd 

V. 

1 

o 

r-  J 

m 

f 4 

1 

1 

1 

r- 

1 

VO 

n 

ft 

f'4 

in 

G 

t' 

f" 

o 

i ^ 

\ 

tn 

(N 

r 4 

f4 

\ 

rA 

CH 

'-X 

f< 

\ 

1 

r- 

in 

f« 

m 

c> 

'rm'NTCAi.  Ki'.roiri'  DrsTRiiiurioN  list 


i;<).  ('uj-U'K 


Ni)_.  C|o|)ijC-^ 


Dr.  T.  C.  V.’ill  i;nn.", 
liiiioii  C;'.rhiclf'  Ciu'p. 

Ciu  i’.uc.il ;;  h i'lafil  lcf'. 

Tarrylnwn  'i  ochn  i la  I C.‘iiii-r 

Tarry  town,  N’c\’  Yi>rk  I0;>91  1 

Dr.  K.  Roynird 
Horir'.ous  liu’. 

23800  Mri'c.ii'l  ilc  Ixoacl 

Cleveland,  Ohio  1 

Dr.  A.  C.  Mac'D  i arn  id 

Dniverr.  i t y of  I’onnsy]  van  ia 

Dopar  I n:ont  of  ClicmisL  ry 

Dili  I ado  I pL  ia  , Donnsyl  van  ia  1 

Dr.  i:.  ILdiya 
Dni'.ni  Carbiao.  Curr>. 

Cori>orai,'  iv-’Koarcdi  Laboratory 

Tarrytoi.a  'I'l  ohui oa  I (''■’lU'c  r 

'j  ar  r , , Id '.v  Yora  J0591  1 

Dr.  A.  Kiio  inta>l  ci 
SliivY  1' 1 .1 1 l-'^'airr, 

Oopar Liroi'*  of  Clioiiii.st  rv 

Piat.r.alHjrr,  lb  v.’  York  l.?!:'0i  .1 

Dr.  C.  Dittiiirr, 

Unive-r.al  ly  of  Alnliama 

Ib'pa:  i non  i of  C!ie;,u  r.try 

L'  I)  i V o r r:  i 1 ■ • , A 1 a baraa  .3  :i  'i  S 6 1 

Dr . !l . All  cork 

Pcnnnyl v.inia  State:  DnLvorsily 
I’nlvciaily  Far!,,  I'cimsylvania  .1 LS02  1 

Dr.  M.  Konnoy 

(■■i.no-'.'.'oa t oru  Dnivorfoity 

Depart:  .'-..t  of  Chon;  i ,n  try 

CJoveland,  Ohio  ‘'o'llOf)  1 

Dr.  n. 

IL'pai  L'  nt  of  Ciioroiai  ry 

ITiivv-r;:  i Ly  of  Mafisachiirottn 

Ai:’h'.'i  5;l  , Mar.saHijr;ei  i a OlidiA  1 


Dr.  M.  Oood 

Dopartmont  of  Choiirit.try 
Dnivc-rsity  of  Now  Orloanr: 

I.akiT  rout 

Kov.'  ('rloans,  I.ouiKiana  V0J2?  1 

DoiH'.las  Aircraft  Co. 

3893  l.akou’oo'i  lioulcvarc) 

I.onf,  ihaoh,  California  903A6 
Attn:  i'ochiiioal  Lilirary 

Ci  290/36-83 

ADTO-Sutton  1 

DASA-Lewia  Itcsenrch  Cent  or 
21000  I’.rofdipark  Uoad 
Clovolaad,  Ohio  /./;133 

Attn:  Dr.  'i.  T.  Sornfini,  fIS  I 

Dr.  J,  Criffith 

Naval  Dcscari'ii  Lalioralory 

Choiiriat  ry  Sc-otioi-,  Code  6120 

V.'af;hi  ii;',Loii , 1).  C.  2()373  1 

Dr.  C.  CiK'dinaii 
C I olio-Dn  ion  Inc. 

5737  North  Crer.n  Fay  Avenue 
MilwanFoo,  V,  i ‘ oona in  3'^2C'1  1 

Dr,  )’.  ]’ i ‘■•ti'i  , Code  2853 

Naval  Ship  "eseaio  h and  Dovolopmcnt 
Ccnli'j 

Annapo  I.  i s Divini  on 

Aimapc'lis,  Maryland  21'h02  1 

Dr.  Karl  in  li.  Kaufrian,  bond 
Mattrialr  Nejcarcli  I’.ranoh  (Code  ^542) 
Naval  UoaponCj  Contor 

China  halo,  CalLfornia  93555  1 

Frofca.oor  Ivdia  K.  Frcr.zel 

Univorniiy  of  Now  Orlcmn.s 

De:|'art  n'ont  of  Chciairt  ry 

Now  CirKaius,  Lcmi;;  iana  70122  1 


TF.CIINTCAI,  Kl;!’OKT  1 iT STi?  MUITTOM  I.TST 


1 


No ; ('oj^i  r! 

On'ico  of  Novnl  Ref^onrclt 
Arl  iui’.ton,  Virpinia  22217 
Attn:  Code  A72  2 

Office  of  Naval  R.osearch 
Arlington,  Virginia  22217 
Attn:  Code  102  il’  G 

ON’K  liiancli  Office 
536  S.  Clark  Street 
Chicago,  llliuoia  60605 

Attn:  Dr.  Ceorge  Sc.ndoz  1 

ONR  Branch  Office 
715  llroaduay 

New  York,  Kev;  York  10003 
Attn:  Scientific  Dept.  1 

ONR  Branch  Office 
1030  Fa.<?t  Green  Strec't 
PaKadeiin,  California  '31106 
Attn:  Dr.  R.  d.  Marcus  1 

ONR  Branch  Office 
760  Market  .Street,  Rm.  447 
San  irancl.sco,  California  94102 
Attn:  Dr.  R . A.  Miller  1 

ONR  Branch  Office- 
495  .Summer  Street 
Ifa.ston,  MasK.achusetts  02210 


Alui:  Dr.  L.  il.  Peebles  1 

Director,  Naval  Research,  laboratory 
Washington,  U.  C.  20390 
Attn:  T.ihraiy,  Code  2029  (ONRL)  6 

TecluiLcal  Info.  DLv.  1 

Code  6100,  6170  1 

The  Asst.  .Secretary  of  the  Navy  (R6D) 
Department  of  the  Navy 
Roam  4E736,  Pciitagon 

V.'.ish  i rigtnn , D.  C.  20350  1 


Cormr'.nder , Naval  Air  Systi'.ns  Conmand 

I pat tment  of  the  Navy 

Wasliington,  D.  C.  20360 

Attn:  Code  3 IOC  (H.  Ro.senwasser ) 1 


No . Copl es 

Deft'ii.se  Doc  unit  nt.a  t ion  Cettfer 
Building  5,  Cam.-ron  Station 
Alixandria,  Virginia  223J4  12 

U.  S.  Army  Research  Off  jet: 

P.  0.  Bo.x  12211 

Research  I'ri.angle  Park,  N,  C.  27709 
Attn:  CRD-AA-IP  I 

Commander 

Naval  Undersea  Keitearch  6 Develoiimenf 
Center 

San  Diego,  C,-‘lifoniia  92132 

Attn:  Technical  Lihr.aiy,  Code  133  1 

Naval  Weapons  Center 

Ch.Lna  Lake,  C.aliiorni.i  93555 

Attit:  Head,  Chemi.stry  Division  3 

.N.av.al  Civil  Lnj’ inecr  ing  bah.nr.at  t>ry 

Port  Hnencnie  , G il  ii  orn  i r ')3i)41 

Attn:  Mr.  V..  S.  llayne:j  1 

Professttr  0.  Ik  in.'' 

Department  of  Piiysics  & CliciiilRtty 

Nav.al  Pt'St  j-yr.i..’u.;t  e School 

Hontorev,  Ca  1 i f orni :i  ‘33940  1 

Dr.  A.  1 . Slafko.sky 
Sclentil  Lc  Advisor 
Copimanciaiit  of  t.hc  M-trine  Corps 
(Code  RD-1) 

Washington,  D.  C.  20380  1 


